In this paper, delay-dependent guaranteed cost observer-based control for neutral systems with timevarying delays is considered. Control and observer gains will be given from the linear matrix inequality feasible solutions. Optimal guaranteed cost observer-based control which will minimize the guaranteed cost of the system is provided.
Introduction
The existence of the time-delay phenomena in a dynamic system may cause instability or bad system performances in open-and closed-loop systems (Kolmanoskii & Myshkis, 1992) . The stability analysis and robust control problems for time-delay systems have been considered in the past years (Lien & Chen, 2003; Moon et al., 2001; Nian & Feng, 2003; Park, 2003; Sun, 2002; Xu et al., 2003) . However, in practical applications, such as system supervision, gas-fired furnace system and fault diagnosis, the system states are not usually measurable or have no practical senses. On the other hand, the system model always contains some uncertain elements; these uncertainties may be due to additive unknown noise, environmental influence, nonlinearities such as hysteresis or friction, poor plant knowledge, reducedorder models and uncertain or slowly varying parameters. Hence, the observer for the uncertain system will be useful and applied to reconstruct the states of a dynamic system. In this situation, the robust observer-based control will be more suitable than the state feedback control for the system (Sun, 2002) . Hence, an efficient method to design the robust observer-based control for uncertain time-delay system is very important. In the recent years, the system performance requirements are the other considering works for the control engineers and researchers. Thus, the guaranteed cost control will be the useful system representation of performance (Nian & Feng, 2003; Park, 2003; Xu et al., 2003) . Depending on whether the stabilization criterion itself contains the size of delays, stabilization criteria of time-delay systems can be classified into two categories, namely delay-independent criteria (Park, 2003; Xu et al., 2003) and delay-dependent criteria (Nian & Feng, 2003; Sun, 2002) . Generally speaking, the latter ones are less conservative than the former ones when the time-delay values are small. The time-delay systems can be mainly classified into two types, namely retarded systems (Moon et al., 2001; Nian & Feng, 2003) and neutral systems (Park, 2003; Sun, 2002; Xu et al., 2003) . The systems whose dynamics only depend on the delay of state are called the retarded time-delay systems. The systems whose dynamics depend on the delays of state and state derivative are called the neutral time-delay systems. Neutral time-delay systems are encountered in modelling chemical reactors, dynamic process including steam 2 of 12 K.-W. YU AND C.-H. LIEN and water pipes, microwave oscillators, systems of a turbojet engine, lossless transmission lines and so on. Hence, the robust guaranteed cost observer-based control for neutral systems will be considered in this paper.
In the past, linear matrix inequality (LMI) approach was used to solve many control problems, such as the sliding-mode observer design, output feedback control, stabilization of uncertain stochastic system, guaranteed cost state feedback controls of time-delay systems and stability analysis of timedelay systems (Lien & Chen, 2003; Moon et al., 2001; Nian & Feng, 2003; Park, 2003; Xu et al., 2003) . In this paper, we will adopt this useful methodology to the design of the robust observer-based control for a class of uncertain neutral time-varying delay systems. The control and observer gains could be obtained from the LMI formulation. A numerical example is given to illustrate the use of our results.
The notation used throughout this paper is as follows: For a matrix A, we denote transpose by A , spectral norm by A , symmetric positive (negative) definite by A > 0 (A < 0). A B means that matrix B − A is symmetric positive semidefinite. For a vector x, we denote the Euclidean norm by x . I denotes the identity matrix.
Problem formulation and main results
Consider the following uncertain neutral system with time-varying delays:
where
is the input vector, y ∈ q is the output vector, A 0 ∈ n×n , A 1 ∈ n×n , A 2 ∈ n×n , B ∈ n×m , C ∈ q×n and D ∈ q×m are known matrices, A 0 (t), A 1 (t), A 2 (t) and B(t) are time-varying matrices with appropriate dimensions and initial vector φ is a differentiable function from [−H, 0] to n . The following assumptions are made on System (1).
ASSUMPTION 1 Suppose that the matrix C has full row rank (i.e. rank(C) = q).
ASSUMPTION 2 The time-varying matrices
where constant matrices M and N i , i = 0, 1, 2, 3, are known and F(t) is uncertain and satisfies REMARK 1 In Assumption 1, the assumption on matrix C is used to design observer-based control of System (1). Note that Assumption 3 will be a necessary condition to design the observer-based control when h(t) = 0 and A 2 = 0.
The observer-based control from the above system with small A 2 can be chosen as follows:
DELAY-DEPENDENT CONDITIONS FOR GUARANTEED COST OBSERVER-BASED CONTROL 3 of 12 wherex ∈ n is the estimation of x,ŷ ∈ q is the observer output, K ∈ m×n is the control gain and L ∈ n×q is the observer gain. We define the cost for the observer-based control as follows:
where S 1 , S 2 ∈ n×n and S 3 ∈ m×m are some given positive definite symmetric matrices and e(t) = x(t) −x(t) is defined as the estimated error of the system. We wish to find the observer-based control (2) and a constant J * > 0 such that the closed-loop system is asymptotically stable and J J * , where J * is the guaranteed cost for control (2).
REMARK 2 Construction of observer-based control (2) is based on System (1) with h(t) = 0, A 2 = 0 and without system uncertainties. Classic Luenberger observer-based control scheme cannot guarantee the stability when some perturbations and delay terms appear in System (1).
Systems (1) and (2) can be rewritten as d dt
e(t)
x(t − h(t)) e(t − h(t))
System (3a) can be rewritten aṡ
. K ∈ m×n and x ∈ n will be solved from the following result.
THEOREM 1 System (1) is asymptotically stabilizable by (2) provided that √ 2·[ A 2 + M · N 2 ] < 1 and there exist a positive constant ε, some positive definite symmetric matricesP 1 ,R 1 ,P 2 ,R 2 ,P 3 ,R 3 , P 4 ,R 4 ,Q 1 ,Q 2 ∈ n×n and matrices X 11 , X 12 ,
where the sign * in (4a) represents the symmetric form of the matrix,
The stabilizing observer-based control gains are given by K =KP −1 1 and L =LR −1
1 . The guaranteed cost is given by
and
where z (t) = [x (t) e (t)]. The time derivative of V (z t ) along the trajectories of (3b) is given bẏ
By Schur complement of Boyd et al. (1994) with (4c), we can obtain the following results with
Postmultiplying the matrix Γ in (4b) by Y and Y , where
By the inequality of Moon et al. (2001) , we have
X 12 X 22
Define the matrices in the above inequality by
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By Condition (7b)-(7c), we have
Therefore, the time derivative of V (z t ) is bounded bẏ
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Define a real symmetric matrix Ω as follows:
,
By the basic inequality, we have 
By the Schur complement of Boyd et al. (1994) , Condition (4a) implies the conditionΣ = Ξ 1 + ε · N N + ε −1 · Λ Λ < 0. We can also obtain the condition Ω < 0 in view of (8b). The condition Ω < 0 in (8a) also implies the following result: 
10 of 12 . Pre-and postmultiplying the matrix in (9) by Φ and Φ, 
Hence, we haveV
We conclude that Systems (1) and (3) are both asymptotically stabilizable by (2) (Kolmanoskii & Myshkis, 1992) . From (7)- (10), we have The guaranteed cost is obtained and given in (5).
REMARK 3 Conditions (4a)-(4d) are not the classic LMI solvable form. We can use the efficient software Scilab to solve the LMI problem with the equality constraint (4d) (see http://scilabsoft.inria.fr/).
Optimal guaranteed cost observer-based control which minimizes J * in (5) is determined by the following result. 
subject to (4) and −αx (0)
−β e (0)
has a solution α, β, ε,P 1 ,R 1 ,P 2 ,R 2 ,P 3 ,R 3 ,P 4 ,R 4 ,Q 1 ,Q 2 , M 1 , M 2 , M 3 , M 4 , M 5 , M 6 > 0, X 11 , X 12 , X 22 ∈ n×n ,K ∈ m×n ,L ∈ n×q ,R 1 ∈ q×q , where 
Then, the observer-based control (2) is an optimal guaranteed cost observer-based control for uncertain neutral system (1).
